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Forecasting the Seasons 
A Subject of Great Importance in Connection with Planting and Growth of Crops 

By Alexander McAdie, Director of the BIue Hill Observatory 

MAY, 1917, was the coldest May recorded at Blue Hili 
Observatory since records began, that is in a period of 
32 years. And it seems to have been the coldest May in 
this part of New England in a period of 133 years if we 
may trust a built-up re cord to be referred to later. 
Strangely enough, May, 1917, was the warrnest May 
recorded at London since records began in 1854 according 
to a letter in the Times of J une 4th, from Dr. Mill, head 
of the British Rainfall Organization. This warm month 
followed a cold April and a remarkably cold winter and 
spring. 

A few years aga such anomalies in weather would have 
passed unchallenged by the public; but now, with so 
much at stake, especially in connection with the planting 
and growth of crops, it is reasonable io ask of the aero
grapher if he can explain the cause of such unseasonable 
seasons? Can such abnormal conditions be foretold? 
And finally, has the war caused changes in the weather? 
The answers to these questions are briefty: U nseasonable 
seasons have occurred before and will recur; and are 
probably due to changes in surface circulation of the air, 
which in turn are due to displacements in what may be 
called "centering" of the hyperbars and infrabars, terms 
to be explained later. Successful forecasts of abnormal 
seasons seem possible when sufficient data are available 
and indeed a beginning has already been made. And 
finally, it does not appear that 
the war has had any direct 
effect upon rainfall or tem
perature over the battle zones 
or over the N orth Atlantic. 

The search for enlighten
ment regarding the structure 
of the atmosphere and the 
la ws governing the ftow of 
air has been disappointingly 
slow. For the air is man's 
habitat. The first breath of 
life is an intake of air and 
physical life seems to be 
largely a matter of function
ing properly as gas machines, 
that is, converting oxygen 
into dioxide, for when this 
ceases, life is over. As late as 
the middle of the seventeenth 
century it was not known 
that air.. exerted press ure. 
Galileo, the master mi nd of 

successful finish, the most promising survey yet made of 
the bot tom level of the atmosphere for the land surface 
of the globe. Unheralded and as yet all unknown to 
the public, the Reseau Mondial (or world net), gives the 
conditions for 1911 and makes possible certain deductions 
regarding the control of seasonal conditions by the large 
pressure areas sometimes called "grand centers of action" 
or more simply infrabars and hyperbars. And how 
was this survey accomplished? 

It fell to the lot of the Director of the British Meteoro
logical Service at an international conference held in 
Berlin in 1910, to present a sampie survey for a single 
month, namely January, 1905. This was an attempt 
to meet the clamor of solar physicists for world-wide 
data. So much work was necessary, however, that the 
project of a yearly survey would have certainly been 
dropped but for the fact that in the succeeding year the 
summer was unusually dry and warm over northwestern 
Europe, the northern Atlantic and the northeastern part 
of our own country. Aerographers were called upon 
to explain and so it was decided to attempt a world survey 
for 1911. If we could have the surveys for 1915, 1916 
and 1917 there is little doubt but that the causes of the 
unusually wet periods in 1915 and 1916, the abnormal 
cold of the spring of 1917, and the abnormal drought in 
Germany and central Europe of the present summer, 
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cause of abnormal weather. We can not, however, trace 
any direct relation between the cold periods which we 
have mentioned and solar phenomena, so far as known, 
for the years of maximum sun-spot activity were 1788, 
1805, 1816, 1830, 1837, 1848, 1860, 1871, 1884, 1894, 
1906 and 1917. The years of minimum frequency were 
1811, 1823, 1834, 1844, 1856, 1857, 1867, 1879, 1890, 
1902 and 1913. 

Sun-spots are areas of diminished radiation or lower 
temperature, and the sun is now known to be a variable 
star whose output varies not only over long periods 
but over comparatively short periods ; nevertheless we 
can not yet link up cold springs and changes in the solar 
output. Whatever the effect may be upon the atmo
sphere as a whole, it seems likely that the small varia
tions in he at and moisture which make the difference 
between seasonable and unseasonable weather have 
their origin in the atmosphere itself and are not of extra
terrestrial origin. And thus looking nearer horne, we 
find in the water vapor and in the control which it exer
cis es over diurnal and nocturnal radiation a probable 
cause. 

Every one who has a garden knows that on a cloudy 
night there is little danger of frost, and the temperature 
will not fall so low as on a night when the sky is clear and 
the wind is lulled. A simple enough proposition, for the 

aerographer knows that low 
lying clouds of moderate den
sity will cut off as much as 
80 per cent of the outpouring 
radiant energy called heat. 
Even the high cirrus or ice 
cloud which mayescape notice 
will reduce effective radiation 
as much as 10 per cent. So 
in a picturesque way we may 
say that water vapor is the 
stuff from which is woven 
earth's various g a r m e n ts, 
some heavy in texture, some 
light as veils; but all serving 
to conserve the ground's sup
ply of heat. 

a remarkable age, passed on 
without comprehending this 
principle of aerostatic pres-

Fig.l. Pressure during dry spring month Fig. 2. Pressure during wet spring month 

Another q u e s t i o n  often 
asked is: "Do volcanic erup
tions cause abnormal weath
er?" Unquestionably they 
do within a limited radius, 
where there' are marked in
rushes of air and definite 
areas of excessive rainfall. 

sure. The experiment of his 
student Torricelli, the simple matter of a balance between 
a column of air and a column of mer.cury in vacuo, marks 
the beginning of our knowledge of the physics of the 
atmosphere. The analyses of Cavendish in 1784 mark 
the beginning of our knowledge of the chemistry of the 
air. And the beginning of our knowledge of the mechan
ics of the atmosphere in which we shall find the explana
tion of unseasonable seasons, dates back only to 1869 
when Buchan published charts of mean pressure and 
prevailing winds for the globe. "Had the cautious 
Scotsman been a little more cautious," says the sapient 
Supan, who followed hirn in Germany, "we might still 
be without a chart of the isobars of the world." 

The new science of Aerography, treating of the struc
ture of the atmosphere, ia essentially a study in Energetics. 
A given quantity of energy, most of it in the form of heat, 
is sent to us from the sun and according to the first law 
of thermodynamics does equivalent work. We must 
account for it. If there were no atmosphere, we know 
that the earth would receive something like �wo calories 
every minute over each square centimeter, the quantity 
of heat that would warm two grams of water one degree. 
But in reality only a third or even less of this reaches the 
ground. And so it begins to dawn upon us that in the 
atmosphere we have a mighty, yes, the mightiest of 
thermal engines. When we shall be able to survey it 
as a whole and keep account of the intake of energy and 
output of work, then we will be able to explain abnormal 
seasons and state the reasons for unusually heavy rains 
and prolonged periods of hot or cold weather. It is, 
however, beyond the power of any on.e man to assemble 
and digest the data representing faidy the amounts of 
heat received and the work done in moving the air or 
causing winds for even a small area. Fortunately 
coöperation among weather bureaus permits of a certain 
coördination; and this year there has been brought to a 

NORTH ATLANTIC SEABOARD 

might be clearly traced to certain changes in surface ami 
upper winds due to oscillations of the great press ure belts. 

From an insistent public comes the question "Is the 
war the cause of the change in weather? If not, what 
is?" We shall try to show that so far as data are avail
able there is no evidence that the war has had any 
direct effect upon weather conditions and that abnormal 
conditions in one region are closely correlated with 
abnormal conditions of an opposite type elsewhere; and 
that the most probable explanation lies in the oscil
lations, "swings" or "see-saws", as they have been 
called, in the atmosphere on a large scale, counter
balancing each other as it were. There is no permanent 
set or positive change and no need to seek explanations 
in extra-atmospheric causes, nor yet in man's efforts. 
Much light is thrown upon the cause of dry and wet 
springs and also cold or backward springs by a study of 
the prevalence of the winds in a given district for a 
number of years. This has been done in a recent volume 
issued by Harvard College Observatory on "The Winds 
of Boston," from which it appears that there is a direct 
relation between the duration of the west wind and dry 
conditions. March 1915 was the driest March known 
and during that month there were 310 ho urs or twice the 
normal duration of west wind. The current May was 
the coldest recorded at Blue Hill Observatory in 33 
years and if we may trust a record built up from obser
vations made as explained below1 it was the coldest May 
in 130 years. There is, however, no reason to ascribe 
its cause to the war, for there have been other cold 
springs when no wars were in progress. Thus the 
spring of 1816 was very cold. It was known in New 
England as "the poverty spring" and the year itself 
as "the year without a summer." Other cold Mays 
were in 1815, 1832, 1841, 1850, 1882 and 1907. 

Solar activity has often been suggested as the direct 
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Eruptions are also effective 
indirectly because the dust 

which is projected into the higher air strata serves as 
nuclei of condensation as shown in the formation of high 
clouds. Before long, we shall probably have some 
definite data on the relation of volcanic activity and 
abnormal seasons; but in the meantime it can be stated 
that the latter half of the year 1912 seemed to show a 
decrease in the direct solar radiation received at the 
earth's surface following the eruption of Mt. Katmai in 
Alaska in June. While the change was marked in the 
northern hemisphere, the volcanic dust apparently did 
not cross the equator and drift into the high air over the 
southern hemisphere for there was no indication of its 
presence or effects at Arequipa, Peru, where records of 
intake of heat and amount of vapor are' kept by the 
Harvard Astronomical Observatory and the Smithsonian 
Institution. 

Finally, comes the question, "Is the heavy firing on 
the western front the cause of the excessive rains of last 
year?" The answer is No, no more than it is the cause 
of the drought of this summer. The dates of heaviest 
firing have not been accompanied nor followed by 
unusual rains either in the zone of fire or within moderate 
distance. The rains seem to have come and gone with
out regard to the firing. N aturally one will associate 
any stormy weather occurring near the date of a battle 
with the battle; but may easily overlook that in some 
cases the rain begins before the firing. Or again rain 

'As early as 1750 the Corporation of Harvard College settled 

an aeeount for rain gages; and nearly all the Hollis professors of 

Natural History were ardent meteorologists. The Meteorologie 

Diary of John Winthrop runs from August, 1749. to April, 1779. 

Dr. Holyoke's reeords begln in 1786 and were eontinued without 
a break for 35 years. Dr. John Jeffrey's reeords began in 1774 

and with interruptions run to 1816. The Rodman reeords made 

at New Bedford began in 1812 and are without break to date 

There is also a reeord at New Haven dating from 1779 with but 

few intermissions. 
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falling within two or three days of a battle is attributed 
to the battle when in fact the rain area can be traced 
far to the west several days in advance. A notablc 
instance of this confusion of event and cause is the battle 
of Gettysburg often quoted as directly causing rain. 
The first three days were elear while rain fell on the 
fourth day or after the battle was over. A slight study 
of weather sequence in that locality will show that such 
a sequence is entirely normal. In the past three years 
there has been unusual opportunity by explosions in 
munition plants and depots to study the concussional 
theory of rain-making; and evidence adverse to the theory 
steadily accumulates. A elose watch has also been kept 
on some other problems such as the audibility of gun-fire 
and the aberration of the sound with different atmo
spheric conditions. A eloudy sky for example appears 
to be more favorable for the travel of sound than a elear 
sky. Along the coast of England the sound of the guns 
in France can be heard more distinctly when light 
northerly winds prevail than when southerly winds are 
blowing, although one would expect the opposite. It 
seems that at such times there are south winds higher up 
in the air and the sound waves are refracted downward. 

Such a reversal of air currents is found as a rule in ad
vance of rain. Under such conditions when distant gun
fire is heard and is followed in a short time by rain, 
the hearer naturally connects the rain with the gun-fire, 
whereas it is a question of the structure of the at mo
splJ.ere. It is the juxtaposition of the air streams and 
not the concussion that results in rain. What then is 
the process of rain-making? Simply a cooling of the 
water vapor. An ice pitcher on a warm day is a modest 
little rain-maker. There is needed an ample supply of 
vapor and a cooling commensurate with the degree of 
saturation. Cooling may be brought about in different 
ways, as by contact shown in the ca se of the ice pitcher, 
or by radiation as in the case of dew-making, or by 
expansion following uplift as in summer showers or by 
mixing as in coast fogs and coast rains. In studying 
floods in our great river systems we find in advance of 
the heavy rains, steady warm, mo ist air streams moving 
north, and west of these still more energetic cold streams 
of air moving south. Over the British Isles when a 
westerly current has an easterly current south of it, 
there seems to be little mixing and little rain, the weather 
being in the main pleasant. But if the westerly current 

The Internal Secretions* 
Chemical Factors In the Regulation of the Organism 

Hy Percy G. Stiles 

ONE need not be a profound student of science to 
appreciate that the coördination of activities is a most 
striking fact of animal life. What happens in one place 
is adapted to what is occurring at another. It may 
fairly be elaimed that each part acts more distinctly for 
the good of the whole than for its own advantage. 
Clearly, this could not be the case if there were not 
some mode of transmitting influences from organ to 
organ. 

When one considers the possible means of such trans
mission the nervous system is at on ce suggested. This 
wonderful structure is so fashioned that, conceivably, 
any part of the body may definitely affect any other. It 
is in this respect like a telephone exchange which affords 
to each subscriber the opportunity to communicate 
with any other. The nervous system has long been 
looked upon as the essential instrument of coördination. 
A second possibility has lately become unexpectedly 
prominent. It is the transmission of chemically active 
products through the medium of the circulation. 

Such products of the tissues are usually called internal 
secretions. A compound added to the blood by one 
organ will, within a minute, be quite uniformly diffused 
over the whole body. There is no way to limit its dis
tribution and bring it all to bear upon a restricted 
portion of the system. In this respect the interchange 
of influences by means of internal secretions lack the 
refinement and precision which characterize the nervous 
correlation. We have to do with a set of drugs which, 
like those administered by the physician, must be 
offered to all the tissues-to those which seem indifferent 
as weIl as to those which are evidently responsive. 

The internal secretions have proved to be more 
numerous and more important than anyone would have 
predicted fifty years ago. The subject will doubtless 
occupy a larger a�d larger place in future expositions of 
physiology. A brief summary of the matter as it now 
appears may be attempted. The part played by these 
chemical messengers can conveniently be stated under 
three headings. 

I. Internal Secretions and Growth. -Normal develop
ment cannot be accomplished unless the blood receives 
eertain contributions from several small organs. One 
of these is the thyroid in the neck. If this fails to play 
its part the growth of the child is arrested. N or is the 
result a simple dwarfing of stature; the proportions and 
features are grotesque and the mental retardation 
paralleis the physical. The proof that this condition 
(cretinism) depends on thyroid failure is satisfactory: 
the mingling of dried thyroid substance from animals 
with the food of the cretin gives a marvelous impulse 
to its development. The treatment, fully continued, 
may nearly counteract the defect. 

Another organ, which radiates a well-marked influence 
upon growth, is the pituitary body, an inconspicuous 
appendage upon the under surface of the brain. Its 
action may be perverted by disease with the result that 
there is over-growth, tending toward the gigantic. 
In other cases of pituitary disorder there may be mal
formation of the bones. The effect on the configuration 
of the face may be startlingly uncouth. Even in adult 
life these changes may set in. 

The thymus, a mass of tissue high up in the chest, is 
*From Seienee Conspeetus. 

believed to regulate growth in some obscure fashion. 
Much more distinct are the relations which exist between 
the reproductive organs and development. The de
pendence of a symmetrical type upon the normality of 
these organs is familar. It should remind üs that any 
group of cells have more than one function; in this case 
the dispensing of internal secretions reacting upon the 
individual goes along with the preparation of the germs 
of the coming generation. 

11. I nternal Secretions and M aintenance.-The thyroid 
and the pituitary body which so profoundly affect the 
course of growth continue to exert a regulation upon 
the processes of mature life. Loss of the thyroid by an 
adult leads to a serious depression of health with physical 
signs recalling cretinism. Loss of the pituitary-if we 
may judge from the case of the lower animals-cannot 
be survived. 

At least two other organs make contributions to the 
blood which cannot be spared for any length of time, 
the pancreas' and the adrenal bodies. The pancreas was 
long known to elaborate an important digestive juice. 
But it is like the organs of reproduction in that it does 
not merely separate something from the blood but adds 
something to it. Removal of the pancreas without 
doubt impairs the digestive capacity but this result is 
overshadowed by another: all the tissues lose the power 
to oxidize, and so to profit by, their chief fuel which is 
sugar. This loss is the central fact in diabetes. When 
developed to its limit the power to use fat is also abolished 
and the problem of nutrition becomes hopeless. 

At the back of the abdominal cavity, above the kid
neys, are the paired structures known as the adrenal 
bodies. Insignificant as they appear they are vital 
organs, the removal of which is followed swiftly by 
prostration and death. Something must go out from 
them which gives tone and efficiency to more than one 
system. When the adrenals are gradually wasted by 
disease the failure of strength corresponds with the 
degree of their destruction. Their extracts do not 
successfully compensate for the lack of living cells; the 
body seems to need a slow, uniform delivery of this in
ternal secretion and periodic dosing does not prove equiv
alent to the natural condition. 

111. Internal Secretions at Particular Times.-So far 
we have spoken as though internal secretions were set 
free slowly and steadily, having their effects throughout 
long periods. It remains possible that they may be dis
charged to the blood somewhat suddenly under peculiar 
circumstances. We have the best of evidence that the 
adrenals can thus be thrown into a temporary activity 
far beyond their ordinary performance. The particular 
occasion for this is one of stress and excitement. It has 
been elearly proved that as such times the chief product 
of the adrenal cells (adrenin) is increased in the blood. 
It has also been proved that this internal secretion con
fers upon an individual the utmost command of his 
physical resources. There is ground for the belief that 
the thyroid as weIl as the adrenal tissue has special 
awakenings to accelerated production. 

We began by stating that one organ of the body may 
influence another either by nerve-impulses or by secretions 
carried in the blood. These two types of action admit 
of so me combination as will now be obvious. The 
temporary arQusing of the adrenals in emergencies is 
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has an easterly current on i ts northern side, storms follow. 
Space does not permit us to refer to the work of 

aerographers at horne and abroad showing how elosely 
the character of a season is determined by the character 
of the circulation of air. Thus dry winters in California, 
the usual rainy period, can be forecast with fair success. 
This means everything in a land where raindrops are 
counted as golden drops, for the crops depend upon these 
early and later rains. A dry winter means distres�, 
while copious and seasonable rains mean bountiful 
harvests and consequent prosperity. 

So then we may dismiss the question of the effect of 
war in making unseasonable weather; but we can not 
disregard the rather more important question-the effect 
of an abnormal season upon the operations of man, 
ineluding war. An unseasonable conti nuance of south 
and east winds over central Europe due to a temporary 
displacement of the continental infrabar may cause 
deficient rainfall if not drought during the growing 
period and so affect the harvests. And a scant harvest 
now as in the past may be a more decisive factor in 
bringing war to a elose than fiercely fought campaigns 
and hard earned victories on the field of battle. 

certainly due to a stimulation effected through the 
nervous system. The thyroid is probably under a 
similar nervous government. Hence, in these two cases 
if not in others, a reaction that is first mediated by the 
nervous system may be completed under the influence of 
internal secretions. 

The medical doctrines of the Greeks centered upon 
the theory of the Four Humors, according to which 
health depended on the maintenance of right proportions 
among four essential ingredients of the body-fluids. It 
is interesting to observe that we are once more giving 
phce to views very suggestive of the old. We believe 
not in four but in a considerable number of active sub
stances which must be rightly balanced. Abnormal 
conditions may arise either from deficiency or from ex
cess on the part of any one of these. 

It is not long since physicians assigned their patients 
to groups according to "temperament," the lymphatic, 
the sanguine, and so on. The scientific equivalents of 
these designations seem to be connected wi th the organs 
of internal secretion. The diagnostician can now 
recognize in a peculiar type the evidence of an over
active thyroid, in another the signs of pituitary excess. 
When one looks at the pictures of men suffering from 
serious diseases of these organs one is constantly im
pelled to say, "Why I have seen people who looked like 
that!" It is fair to suppose that for every bad case of 
this elass there must be many mild ones. Most of these 
will not be recognized as pathological. As individuals 
can be found to suggest all types of insanity while yet 
keeping within the province of the sane, so we can see 
hints of departure from the ideal balance of the internal 
secretions in those who are still effective members of 
society. 

Electric Heating of Steam Boilers 

BANKED boilers in an auxiliary steam plant, acting as 
reserve for hydroelectric generators, involve consider
able fuel consumption and constant supervision. When 
surplus electrical energy is available, which is especially 
the ca se in summer, it may be applied usefully to keeping 
the reserve boilers hot. In the Letten station (Zurich 
municipality) two water-tube boilers, each of 270 sq. m. 
heating surface, have been electrically heated since 
September, 1915, and with such success that the system 
is being applied to other boilers. Cast-iron resistances 
are mounted on a rolled steel frame which fits on to the 
grate; the furnace mouth is elosed by a terminal plate 
with observation window. In a double flame-tube 
boiler there are six sections of resistance (pairs in series) 
in each tube. All dampers are elosed while electric 
heating is in progress. The maximum temperature of 
the resistances does not exceed 600° C. A double 
boiler with 17 cu. m. water capacity, supplying 1,720 
kg. steam per 24 hours at 4 to 7 atmos. for feed pumps 
and keeping pipes and machines hot, consumed 84 to 86 
kw. The three boilers heated electrically supply 5,630 
kg. steam per day, and consume on the average 1.31 
kW.-hrs. per kg. of steam. At ordinary prices electric 
heating of boilers is prohibitively costly; the system is 
only applicable where the power would otherwise go to 
waste. Working pressure of 7 atmos. was reached 100 
hours after commencing electric heating. The dis
tribution of heat is approximately as folIows: Resistance 
elements, 450°; 10 cm. above the heater, 315°; over 
second row of water-tubes, 185°; over fifth row, 173°; 
behind superheater, 165°; over damper, 157°. When 
the boiler is required to take up load, the electric heater 
is withdrawn and coal firing resumed; within half an 
ho ur full output can be thus attained.-Science Abstracts. 
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